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$LP$ relaxation for spanning tree congestion problem








$T$ $\{u, v\}\in E(G)$ detour $T$
u-v $e\in E(T)$







1. $\forall C_{n}$ , stc $(C_{n})=2.$








$G$ $\{s, t\}\in E(G)$
$s$ $t$ 1
$T$








$\{u, v\}\in E(T)$ 1, $0$
$f\{s,t\}(u, v)$ $\{u, v\}\in E(G)$ $u$
$v$ $s,$ $t$




$\forall S\subseteq V(G), |S|\geq 2$

















$x_{\{u,v\}}$ $f_{\{s,t\}}(w, v)$ $LP$
$f_{\{t\}}8,(u, v)+f_{\{s,t,\}}(v, u)\leq x_{\{u,v\}}$
$\forall\{s, t\}, \{u, v\}\in E(G)$
$\sum_{w\in V(G)}f_{\{s,t\}}(v, w)=\sum_{w\in V(G)}f_{\{s,t\}}(w, v)$
$\forall v\in V(G)-\{s, t\}, \forall\{s, t\}\in E(G)$
$\sum_{w\in V(G)}f_{\{s,t\}}(s, w)=\sum_{w\in V(G)}f_{\{s,t\}}(w, t)=1$
$\forall\{s, t\}\in E(G)$
$f_{\{s,t\}}(w, s)=f_{\{s,t\}}(t, w)=0$
$\forall\{s, t\}\in E(G), w\in V(G)$
$x_{\{u,v\}}\in\{0,1\}$ $\forall\{u, v\}\in E(G)$
$f_{\{s,t\}}(u, v)\in\{0,1\}$ $\forall\{s, t\},$ $\{u, v\}\in E(G)$
$k$ ( )
3 $LP$
2 ($IP$ ) $LP$ $k$
( $IP$ )
( $IP$ ) $LP$
3.1
($IP$ )
3. ( [4]) $G$
stc(G) $\geq\frac{2m-(n-1)}{n-1}.$
( $IP$ ) $k$ $k\geq$
$\frac{2m-(n-1)}{n-1}$
$k< \frac{2m-(n-1)}{n-1}$
( $IP$ ) L3





$\leq\overline{\sum_{\{u,v\}\in E(G)}}\sum_{\{s,t\}\in E(G)}\{f_{\{s,t\}}(u, v)+f_{\{s,t\}}(v, u)\}$
$< \frac{2m-(n-1)}{n-1}(n-1)$ (2)
$v\in V$ $N(v)$ $v$
$s,$ $t$
$\sum_{\{u,v\}\in E(G)}\{f_{\{s,t\}}(u, v)+f_{\{s,t,\}}(v, u)\}$
$= \sum_{v\in N(s)}\{f_{\{s,t\}}(s, v)+f_{\{s,t,\}}(v, s)\}$
$+ \sum_{v\in N(t)}\{f_{\{s,t\}}(t, v)+f_{\{s,t,\}}(v, t)\}$




$f_{\{s,t\}}(s, t)$ 1, 2
$f_{\{s,t\}}(s, t)$ 2 6
1,2 1
$\sum_{\{u,v\}\in E(G)}\{f_{\{s,t\}}(u, v)+f_{\{s,t,\}}(v, u)\}$









$\sum_{\{u,v\}\in E(G)}\sum_{\{s,t\}\in E(G)}\{f_{\{s,t\}}(u, v)+f_{\{s,t\}}(v,u)\}$














$\leq\sum_{\{u,v\}\in E(C_{n})}\sum_{\{s,t\}\in E(C_{n})}\{f_{\{s,t\}}(u, v)+f_{\{s,t\}}(v, u)\}$
$<2(n-1)$ (3)
3
$\sum_{\{u,v\}\in E(C_{n})}\{f_{\{s,t\}}(u, v)+f_{\{s,t,\}}(v, u)\}$
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